Introduction
The domestic consumption of pork in recent years has reached a level of 39-42 kg (Łączyński et al. 2017) . With its well-established culinary tradition, pork is currently the most frequently consumed meat. Sirloin and ham are considered the most valuable cuts of pork carcasses. These muscles are a valuable raw material in meat processing and are used as culinary meat valued by consumers. This is mainly associated with their high nutritional quality determined by the chemical composition (Blicharski et al. 2013 ).
The high level of pork consumption indicates that substantial amounts of offal are produced during acquisition of the valuable slaughter material. However, the domestic consumption of this group of culinary raw material is low, i.e. 4.2 kg per capita per year (Łączyński et al. 2017) . Consumption of offal largely depends on many factors, e.g. sociocultural traditions, religion, income, etc. Generally, offal is used in many countries as a cheap culinary raw material (Toldrá et al. 2012 , Hoffman et al. 2013 , Seong et al. 2014 . Currently, there is limited information available to consumers about the nutritional value of offal. It is relevant for customers who follow the principle of conscious nutrition (Tomović et al. 2011 , Seong et al. 2014 , Tomović et al. 2016 , Babicz et al. 2018 . It should be emphasised that offal is the main component of traditional products in many regions of the world, including Poland (Hoffman et al. 2013) . Therefore, investigations of the current nutritional value in edible slaughter by-products in comparison with the most widely consumed pig carcass elements are advisable.
The aim of the study was to carry out a comparative analysis of the basic chemical and mineral composition in the sirloin (musculus longissimus lumborum) and in some types of offal, i.e. liver, heart, and kidneys of domestic crossbreed fatteners, taking their sex into account.
Materials and methods

Animals and samples
The experimental material included 24 hybrid (PL×PLW) fatteners (12 boars and 12 gilts) reared in accordance with welfare requirements in standard conditions on a private farm located in the Lublin region. The animals had constant access to water and were fed ad libitum with a complete diet based on farm feeds with an addition of concentrate. The mixture contained nutrient amounts specified in the recommendations for nutrition of this group of pigs (Grela and Skomiał 2015), i.e. 12.7 MJ of metabolizable energy, 15 % of protein, 2.2 % of fat, and 5.5 % of fibre.
Fatteners weighing 107.8 kg ± 3 kg were slaughtered in accordance with procedures applied in meat establishments. At 24 h post slaughter, samples of sirloin, i.e. musculus longissimus lumborum (LL) between the first and third lumbar vertebrae, liver, heart, and kidneys were collected for analyses.
Basic chemical composition
The contents of the following chemical components were determined in the samples: 
Statistical analysis
The analyses were performed using the STATISTICA 6.0 software for analysis of data.
The normality was assessed using the Kolmogorov-Smirnov test, and Levene's homogeneity of variance test was applied to examine the equality of variances. Basic statistical calculations were performed for each variable with determination of the mean value and standard deviation. A twoway analysis of variance was applied. The significance of the differences between the means was determined with Tukey's test at two significance levels of P≤0.01 and P≤0.05.
Results and discussion Table 2 shows numerical data presenting the content of the main chemical components in the sirloin and offal sampled from the boars and gilts. The statistical analysis revealed that the sex had a significant impact on the fat content in the sirloin. The sirloin obtained from the boar carcasses had a 0.3% higher level of this component than the gilts' muscle. The impact of the animal's sex on the fat content in the sirloin has been reported in many studies (Franco and Lorenzo 2013 , Stanišić et al. 2013 , Kasprzyk et al. 2015 , Kim et al. 2016 . The authors reported a lower level of this component in gilts than in boars. As suggested by Blicharski et al. (2013) ,
higher fat content has a positive effect on the sensory traits of meat (tenderness, juiciness, and palatability). As shown in their investigations, the threshold value for high consumption quality of pork is 2% of fat and 3% is an optimal value.
Protein, which is characterised by very high digestibility (92%), is one of the main components of pork meat (FAO/WHO, 1991) . In the present study, the protein content in the gilts was higher but the differences were not statistically confirmed. These results corresponded to the values reported by other authors (Franco and Lorenzo 2013, Stanišić et al. 2013) . The content of protein in the sirloin was by 2.58% lower than that in the liver. While the content of protein in the heart and kidneys was lower than that in the liver and higher than in the sirloin. Collagen is the basic protein of intramuscular connective tissue. This component determines the tenderness of pork and other slaughter raw materials. The mean collagen content in the sirloin was similar in the boar and gilt meat (0.53 -0.54%). In turn, Kim et al. (2016) demonstrated that the mean collagen content in sirloin was statistically significantly higher in gilts (0.91%) than in boars (0.87%).
The technological suitability and consumption attractiveness of pork offal is determined by the content of basic chemical components (Babicz et al. 2018) . The analysis of the chemical composition of the liver showed a statistically significant effect (P≤0.05) of the sex on the fat content. It was shown that the boar liver contained by 0.56% higher content of fat than the liver of the females. In turn, the basic chemical composition of the heart exhibited equal values in both sexes. No statistically significant differences were found between the sexes in the basic chemical composition in the kidneys. In turn, the level of fat in the analysed samples exhibited the following highest-to-lowest order: heart>kidney>liver>sirloin.
There were statistically significant (P≤0.01) differences between the basic composition of the sirloin and the edible slaughter by-products ( Table 2 ). The liver exhibited the highest protein content (25.12%). The heart was shown to have the highest content of collagen. This value was by 1.62% higher than that in the sirloin. These results indicate that the offal had higher levels of the basic chemical constituents than the sirloin and constituted a concentrated source of mainly protein and fat, which was shown in previous studies as well (Kasprzyk 2015 , Tomović et al. 2016 , Babicz et al. 2018 ).
There were statistically significant differences between the fatteners' sex in the content of Mg (P≤0.01) and Zn, Fe (P≤0.05) in the sirloin ( As regards the mineral concentration in the offal, there was a higher level of Na, Zn, Fe, and Cu in the liver of the boars than that in the gilts, but the differences were not confirmed statistically.
As indicated by the numerical values, there were no significant differences between the fatteners' sex and the level of mineral components in the heart and kidney tissues. There was only a trend towards a higher level of Ca in the hearts sampled from the gilts and Cu in the boars' kidneys. A statistically significant interaction between the sex and tissue type were only found in the case of Na. (2011) . The low sodium content in the sirloin, compared with that in the offal, accompanied by an advantageous potassium level promotes the use of the meat in the diet for subjects with arterial hypertension. In turn, the Fe accumulation was significantly higher in the offal than in the sirloin. In comparison with LL, the liver contained 6.3-fold higher levels of this element. The investigations show that the edible slaughter by-products are the main store of Fe. Importantly, Fe contained in sirloin and offal is heme iron, the absorption of which is several-fold higher than the absorption of non-heme iron contained in other raw materials and food products (Devatkal et al. 2004) . As reported by Krzęcio-Nieczyporuk et al. (2013) , meatderived iron is characterised by approximately 20-30% availability, while only 5% of iron contained in vegetable products are available.
The present investigations also demonstrated the highest content of Zn, Cu, and Mn in the liver, whereas the highest concentration of Na and Ca was detected in the kidneys. The mean Zn level was by 26.07 mg·kg -1 lower in the sirloin than in the liver and by 16.71 mg·kg -1 higher than in the heart. The level of Na in the kidneys was by 635.4 mg·kg -1 higher than in the sirloin.
The Ca content in LL was over 2-fold lower than that in the kidneys. The lowest level of Mn, Cu, and Cd was detected in the LL muscles. In comparison with the sirloin, the liver contained 8.75-and 10.33-fold higher levels of Mn and Cu.
The investigation results are consistent with the findings reported by Tomović et al. (2011 Tomović et al. ( , 2015 , who noted significantly higher concentrations of macro-and microelements in internal organs than in muscle tissue.
The present results are particularly interesting, given the use of offal as culinary products.
Consumption of moderate amounts of offal, which is rich in Ca and trace elements (Fe, Mn, and Cu), provides nutrients required for normal function of the human organism, especially during periods of increased demand (e.g. intensive growth and development in children and adolescents). The culinary use of offal is supported by its low cost and by the fact that it can be an alternative to skeletal muscles as a rich source of elements. As regards the offal, the highest Cd concentration was detected in the heart and kidneys (Table 3 ). The present results were compared with the current values specified in the EU recommendations (EC 2008), i.e. the maximum amount of cadmium in kidneys, liver, and muscles not exceeding 1.00, 0.50, and 0.05 mg/kg. It was found that the levels determined in the present study were lower than the values specified in the regulations.
Conclusions
The analysis of the effect on the animal's sex on the chemical composition and content of elements in sirloin and offal revealed a significant impact of this factor. A significant effect of the sex on the fat content in the LL muscle and liver was noted. The animal's sex was found to contribute to the differences in the Mg, Zn, and Fe concentrations in the LL muscle. The comparative analysis of the LL and offal revealed a high level of protein in the sirloin, which determines its high nutritional value. The sirloin has been shown to be a rich source of K and Mg, whereas the offal is an excellent source of highly available Na, Ca and trace elements (mainly Fe, Mn, and Cu). The results obtained expand the information that can contribute to conscious nutrition chosen by consumers. However, these preliminary results should be confirmed on the large number of fatteners. 
